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Exposure to silica dust in the Danish stone industry
by Pascal Guenel" , 2 Niels Oluf Breum," Elsebeth Lynqe '

GUENEL P. BREUM NO. LYNGE E. Exposure to silica dust in the Danish stone ind ustry. Scand J
Work Environ Health 1989; 15:147-53. Exposure 10 silica dust among Dan ish stone workers was as­
sessed fro m data collected in 1948- 1980. Arter I<nO, the exposure level was given in milligrams per cubic
rueter and an exposure index (concentration of respirable dust divided by the th reshold limit value for
quartz) was calculated. The median index was 2.1 for the road and building material indu stry and 0.6
for the stonccuu ing industry. Cru shing showed a median index of 2.6, compared to 1.0 for drilling, 0.9
for sieving, and 0.5 for CUll ing . The median index for the road and building mat erial indust ry was higher
for Born holm than for other parts of Denmark. The media n index of the sronecuuing industry was 1.0
for Cop enhagen and 0.5 for ot her parts of Denmark, and no data were available for Born holm. Before
1970. the exposure level was given in par ticles per cubic meter, and few data were available on quartz
content. Crushing showed the highest exposure befo re 1970.

f.:"y term s: occupational air pollutants. silica .

C rys ta lline silica is a well-known agent of pneumoconi­
o sis, a nd in recent yea rs in vest igat io ns o n humans a nd
an imals ha ve st re ng htened th e hypothesis th at silica
may a lso be a carcino gen . The Int erna t io nal Agen cy
fo r Research on Cancer (IA RC) recen tl y co ncluded

tha t th er e is sufficient eviden ce fo r th e ca rcinogenici­
ty of crysta lline silica in experimental a nimal s and lim­
ited ev id ence for its carcinoge nicit y in h u mans ( I) .

In order 10 p ro vide furt her inform ation on th e pos­
sible ca rc inogen icity of silica in humans, we ide ntified
a co hort o f sto ne workers in Denm ark. An assessme nt
of th e exposure to silica d ust was carried o ut from dat a
retrieved o n all measurem ents fro m the sto ne indus­
try avai lable in th e archives o f th e Danish National In­
st itute of Occupat iona l H eal th . The an a lysis of these
ex pos u re data is present ed in th is pa pe r .

T he stone industry in Denma rk ca n be di vided int o
two ma in branc hes: the sto nec utt ing ind ustry and
the road a nd b u ild ing ma ter ial ind us try . T he work
processes in th e sto nec uu ing industry incl ud e sawi ng.
edg ing, sur fa ce fin ishing by grind ing , ha mmeri ng , or
poli shi ng , a nd ca rving . In th e ro a d ma terial indust ry
stones ar e cru shed by machi nes, an d th e grav el is sieved
throug h meta l screen s to be sorted b y size. The isla nd
Born ho lm , lo cat ed so uth of Swed en , is t he o nly p la ce
in Den mark where gra nite rock s a re found , a nd gra n­
ite is wo n in open cast quarr ies . G ra nite has been th e
mai n ma teria l in th e Danish sto ne ind ust ry, bu t sa nd-
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s to ne has al so been used in th e sto necutt ing industry,
a nd flint ha s been used in t he road mate ria l indust ry .
Flint is 100 010 q ua rt z (2) . Sands to ne co ns ists of gra ins
o f q uartz ceme nted toget her wi th cla y (3) . G ra nit e is
a mi xture of qu art z , fe ldsp ar , and mic a (3) . The qu artz
con tent in Bornholm granite varies be tween 15 a nd
35 010 (4); table I gives t he n umber o f wo rkers in the
Da nish stone indu st ry in 1930-1 980 (5- 10) .

Material and methods

T he data set included all measurement s mad e in the
Dan ish sto ne ind ustry in Denmark b y the Danish Na­
tio nal Institute o f Occupa t ional H ealth from 1948 to
1980 . These measurements were mad e a t th e req ues t
o f th e loca l labor inspection officers and thus reflect
ei th er a reas wh ere a special effort for regulat ion has
been made or areas w he re co m plai nt s ha d been ma de
about work cond itions . The records were retrieved
man ually fro m the arch ives of th e Inst itu te . No rec­
ord was availa ble before 1948, as the Institu te was
founded in tha t yea r. The av a ila b le in fo rm a tion was
the dat e of the in vestigation , the na me of th e com pa­
ny, the na me o f the employee whe n a personal a ir sa m-

Table 1. Number of workers in the Danish road material indus­
try and st onecutt ing industry in 1930-1 980.

Year Road material Ston ecutting
industry indus try

1930 708 1 701
1940 2 166' 1 251
1950 2 156'
1960 2 774' 731
1970 2 236' 548
1980 1 864"

a Includes limestone quarry, moler quarry, sa lt mining, and oil
and gas well drilling.
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Table 2. Number of available measurements from the stone
industry in Denmark, 1948-1980, by sampling procedure and
industry.

Road material and
building industry 87 76 163

Stoneculting
industry 21 13 34

Total 108 89 197

pier was used, the work process or the place of work
involved during the sampling, and, in some cases, the
type of stone material processed. Details on the sam­
pling and analytical methods were also given.

The data setcan bedivided into twosubsets accord­
ing to the date of investigation. Before 1970 most of
the air samples were taken in the general environment
at a fixed location with an impinger or an electrostatic
precipitator or by filter sampling, and with sampling
periods generally of less than I h. The results were ex­
pressed in number of respirable particles per cubic
meter (diameter range 0.5-5 urn), counted by opti­
cal microscopy. After 1970 most of the samples were
taken in the breathing zone with personal air samplers.
The sampler met the requirements of the Johannes­
burg pneumoconiosis conference (II). The sampling
period was generally 6-8 h, and the time-weighted
average concentration of respirable dust was expressed
in milligrams per cubic meter. The content of crystal­
line silica in both the general environment and the per­
sonal samples was determined by X-ray diffraction.
No attempt has been made to convert the count of par­
ticles into weight or vice versa, and the two subsets
of data have been analyzed separately.

Measurements of respirable dust were carried out
in nine stonecutting companies and in II road and

Personal
sampling
(mg/m')

General
envi ronment

(particles/em')
Total

building material companies. Some companies owned
different plants throughout Denmark. The numbers
of measurements, specified by sampling method and
type of industry, are shown in table 2.

The results of the personal sampler measurements
were compared to the threshold limit value (TL V) for
respirable dust as established by the American Con­
ference of Governmental Industrial Hygienists (12):

TLV (mg/m') =

10
2 + quartz (070) + 2 x cristoballite (%) + 2 x tridymite (%)

The comparison with the TL V was expressed by a well­
established index, which is the ratio of the dust con­
centration (in mg/ru') to the TL V. With no cristobal­
lite or tridymite, the TLV is 0.1 mg/rn ' for exposure
to pure quartz and 1.0 mg/m' for exposure to 8 °10
quartz. As is a common practice in industrial hygiene
(13), the median exposure level was used in the analy­
sis.

Results

Comparison of exposure levels associated with the
use oj granite and jlint

Cristoballite was detected in eight measurements from
two road material industries and ranged between 2 and
11 070 of the respirable dust. Tridymite was not present
in any of the measurements from the Danish stone in­
dustry. Since the quartz content of flint is higher than
that of granite, an attempt was first made to assess
the exposure levels to crystalline silica associated with
each of them. The results are shown in table 3 for the
personal sampling measurements. The respirable dust
concentrations were 1.3 and 1.0 mg/rn ' for flint and
granite, respectively. The median quartz content in the
dust was 23 % for flint and 13 % for granite. These
values lead to a median exposure index of 4.5 for the

Table 3. Levels of exposure to respirable dust and to crystalline silica associated with flint and granite processing - personal
air samples.

Respirable dust concentration
(mg/m')

Flint
Granite

Industry

Road and bUilding material
Road and building material
and stonecutttnq

Number of
Period measure- Median Range

ments

1968-1973 17 13 0.1-39.7
1972-1980 42 1.0 0.2-9.4

Quartz content in the respirable
fraction ('!o)

Flint
Granite

Exposure index"

Flint
Granite

Road and building material
Road and building material
and stoneculting

Road and building material
Road and building material
and stoneculting

1968-1973
1972-1980

1968-1973
1972-1980

11
42

11
42

23
13

4.5
2.0

10-33
3-35

1.1-135.0
0.4-18.8

a Concentration of respirable dust divided by the threshold limit value (12) for quartz.
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work operations in which t1int was invo lved , compared
to an ind ex of 2.0 for work operation s with granite.

Comparison of exposure levels in the road material
industry and in the stonecutting industry
From th e subset of measurement s carried out in the
genera l enviro nment , the median of th e respirab le du st
concent ration was 125 pa rti cles/em' in the road
material indu str y and 205 particles/em ' in the sto necut­
tin g industry. The quartz content of th e du st was not
sta ted in an y of the measurements from the sto nec ut­
tin g industry and in onl y half of the measurement s
from th e road material industry, with a med ian of
23 0/0 qu art z.

Th e subset of per sonal sa mpling dat a was more in­
formative. The results are summari zed in tab le 4 and
figure I . As can be seen from tab le 4, the respirable
du st co ncentra tion was high er in th e road mat eria l in­
dustry th an in the stonecut ting ind ustry. The med ian
quart z content of th e dust was 13 070 in th e road ma te­
ria l industry and 9 0J0 in th e stonecutting industry for

a median exposure index of 2.1 in the ro ad materia l
indus try and of 0.6 in the stonecutt ing indu str y fo r all
of Denm ark . Figure I shows that approximately 75 and
45 0J0 o f the measurem ent s exceeded the TLV in the
road material industr y a nd the sto necutt ing indus try ,
respectively. T he ana lysis by region shows that the me­
dian expos ure index was the highest in Bornho lm for
the road mat erial industry (table 4). No data were avail­
able in Bornholm for the sto necutting industr y. The
median exp osure index was twice as high in Cope nha­
gen as in other parts of Denmark ( 1.0 versus 0.5), a l­
though few measu rements were available .

Flint was thc most frcq uently used material in the
road mat erial ind us try, and gra nite was the main
material in th e sto necutt ing industry. Th e differences
between the two industries cou ld not be ascribed to
type of min eral. A comparison of work pr ocesses in
which onl y granite was used showed the same med ian
qu artz content of respirab le d ust for the two indus­
tries, 13 and 15 11/0, respecti vely. Th e median expo sure
ind ex was , however, 3.0 in the road material industry
and 1.0 in th e sto ncc utting ind ustry.

Table 4. Levels of exposure to respirable du st and to crys talli ne si lica in the road materi al indus try and in the stonec utling
indu stry - personal air samples .
- - _ . ._--

Period Number o f Median Rangemeas ureme nts
-_._- -

Road material indust ry

Respirable du st conce nt rat ion (mg /m' )

Cope nhagen 1968-1 974 47 1.1 0.1- 39.7
Bornholm 1972- 1974 24 1.9 0.3-9.4
Other Denmark 1972-1977 16 0.8 0.1- 7.5

All Denm ark 1968-1977 87 1.1 0.1-39.7

Quartz content in the respirable fracti on (%)

Copenhagen 1968-1974 45 12 4-35
Bornholm 1972-1974 24 13 3-25
Oth er Denmark 1972-1977 11 15 3-27
All Denmark- 1968-1977 80 13 3-35

Exposure ind ex"

Copenhage n 1968- 1974 45 1.5 0.2-1 35.0
Bornholm 1972-1 974 24 3.3 0.5-1 8.8
Oth er Denmark 1972- 1977 11 2.3 0.7-9.7

Al l Denmark 1968- - 1977 80 2.1 0.2- 135.0

Stonccutting industry:

Respirable du st co ncent rat ion (mg/ m')

Copenhagen 1977- 1978 13 0.7 0.2- 1.6
Othe r Denmark 1980 8 0.7 0.4-5.4

All Denm arK 1977-1 980 21 0.7 0.2-5.4
Quartz co nte nt in the fracti on (%)

Cope nhagen 1977-1978 13 15 3-30
Other Denmark 1980 8 6 3-19
All Denmark 1977-1 980 21 9 3- 30

Exposure index"

Copenhagen 1977-1 978 13 1.0 0.4-3.2
Other Denmark 1980 8 0.5 0.3- 6.3

All Denmark 1977-1980 21 0.6 0.3-6.3_.. . ._ - - - - - ----

a tn addi ti on to quartz . two samples contained 2 % and one sample each con tained 4, 5, and 7 % cris toba llite. Cristoball ite
has been taken into account in the ca lculation of the expos ure index.

b Concentrat ion of respi rable dust divided by the th reshold limit value (12) for quartz.
C No data avai lab le fo r Bornhol m from the sto necutting ind us try.
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Figure 1_ Cumulative frequency distri ­
buti on s of the exposure indices (con ­
centrat ion of resp irable dust divided by
the threshol d limit value for quartz) for
crystalline silica calculated from per ­
son al air samples from the stonecut­
t ing (1) and the road and bui lding
materi al (2) indu stries. The broken lines
represent the estimated cumulat ive
log-normal f requ ency distributions.
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Table 5_ Levels of exp osure to respi rab le du st assoc iated with di ff erent wo rk processes' - gen eral environ ment air sam ples.

Number of
Industry Material Per iod measure- Median Range

ment s

Respirabl e du st conce ntrat ion
(particles/em')

Crush ing Road and bu ild ing Fl int , no data 1955-1 966 7 725 90-3 000
material

Sievi ng Road and building Fl int 1951-1968 49 105 45-1980
mate rial

Cutting Stonecu t t in g Granite, 1950 12 205 56-101 0
sandstone

Quartz conte nt in the respirable
fraction (%)

Crush ing b Road and building Flint, no data 1955-1966 4 10 4- 20
m ater ial

Sievingb Road and bUild ing Fl in t 1951-1966 18 25 8- 100
mater ial

Cutt ing Stonecutling

a No dat a available for dril li ng
b In addit ion to quartz, on e sample contain ed 11 % cris toballite.

% 99.9 r-------------------/lr------r---:;r------,

Figure 2. Cum ulati ve f requen cy distri­
but ion s of t he resp irable dust concen­
t rat io ns measured from the gene ral en­
vironme nt samp les collected du ring
the fo llowing work co nd itions: sieving
(1), stonecu tting or surface finishing (2),
and c rus hi ng (3). The broken lines
repre sent the estimated log-normal cu­
mulative frequen cy dist ribu t ion s.
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Comparison of exposure levels in diff erent work
processes
The work pro cesses in the roa d material industry were
divided in to drilli ng, crush ing, and sieving. T he num ­
ber of measurements from the stonecutti ng industry
was sma ll, and hand cutt ing and surface finishing were
therefore gro uped into a single cat egor y.

Th e results of the measuremen ts carr ied out in the
genera l environment are presen ted in tab le 5 and fig­
ure 2. No da ta were avai lable for drilling . Fro m seven
measurements only, crushing ap peared to be the du sti­
est wor k op erat ion . In figure 2 the distribu tion of the
part icle concentration is presente d by wor k operat ion ,
and the median du st exposure levels of the work
processes are readil y est ima ted from the gra phs. It
sho uld be noted that the qu ar tz con tent of the respira­
ble fraction has not been taken into acco unt in that
figure , since the percentage of quartz was not mea­
sured for cutt ing and was measur ed in four cases only
for cru shing .

The subset of personal air sampling data is presented
in table 6. The respirable dust concen tration associated
with crushing was approximat ely twice as high as the
con centrat ion associated with the other work ope ra­
tions, for which the median du st concentration was be­
low 1.0 mg/rn' . T he qua rtz content ran ged from 7 to
14 070; the highest va lue was ob served for crus hing and
the lowest for cutt ing. Th e median exposure index was
2.6 for crus hing, and 80 0J0 of the measurements were
above the TL V. The median expos ure index was 1.0,

0.9 , and 0.5 fo r drilli ng, sieving, and cutting, respec­
tively.

Finally, the data previously grouped in the cutting
catego ry were ana lyzed . A co mparison was mad e be­
tween surface fin ishing (five measurements) and hand
cutt ing (13 measurements). Th e media n respirable dust
concentration was 0.8 (range 0.4-3.0) mg/rn ' for sur­
face finishing and 0.6 (range 0.2-5.4) mg/rn ' for hand
cutting. Three measurements ou t of five exceeded the
TLV for surface fin ishing, whereas the correspo nding
values for hand cutti ng were fou r out of thirteen .

Discussion

The exposure to siliceous dust in foundr ies, mines, and
pottery manu facturin g has been thoroughly investigat ­
ed, and these environmenta l da ta have been reviewed
by IA RC (I) . A study by Froines et al (14) also evalu­
ated the exposure to silica in industries in the United
States (US).

The exposure levels measured in fou ndries have been
gene rally high . In ferro us foundries in the US 4 1 0J0
of the observatio ns exceeded the TL V fo r quar tz , and
the exposure index was 1.3 fo r the period 1979- I982
(14). Another US study of more than IO 000 samples
ana lyzed by the National Instit ute for Occupational
Safe ty an d Health (NIOSH) an d collected in fou ndries
in 1972- I982 reported that 23 0J0 of th e samples ex­
ceeded twice the TLV (\) . In pottery man ufactu ring,
significant expos ure to silica was also observed in the

Table 6. Level of exposure to respirable du st associ ated with different work proce sses - personal air samples.

Number of
Indust ry Material Period measu re- Medi an Range

men ts

Respirable du st co ncent rat ion
(mg /m ')

Drill ing Road and buil ding Grani te 1974 6 0.9 0.5-7.1
material

Crus hing Road and building Grani te, fl int 1968 - 1974 19 1.8 0.3-39.7
material

Sieving Road and bui lding Flint, no data 1972-1974 11 0.5 0.1-4.5
material

Culling St onecutt ing Granite, marble 1977-1 980 18 0.6 0.2- 5.4

Quartz content in the respirable
fract ion (%)

Dri ll ing Road and building Granite 1974 6 10 7-25
material

Crush ing Road and building Granite, fl int 1968-1974 18 14 3- 33
material

Sieving" Road and building No dat a 1972- 1974 5 12 3- 16
material

CUlling St oneculling Granite, marb le 1977- 1980 18 7 3-24
Exposure index"

Drill ing Road and building Granit e 1974 6 1.0 0.6- 13.5
mate rial

Crushi ng Road and buildi ng Granit e, f l int 1968-1 974 18 2.6 0.6- 135
material

Sievin g Road and build ing No dat a 1972- 1974 5 0.9 0.4-5.8
material

Culling Stoneculling Grani te , marble 1977- 1980 18 0.5 0.3-6.3

a In add it ion to quartz, one samp le co ntai ned 4 % cristo bal li te. Cri stoballite has been taken into account in th e cal cul at ion
of the exposure inde x.

b Concent rat ion of respirable du st divi ded by the threshold limit value (12) for quartz.
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US, and 73 010 of the samples exceeded the TLV (14).
In addition 23 (t/o of the samples analyzed in the pot­
tery industry by NIOSH exceeded twice the TLV (1).
An analysis has been made of 45 000 respirable dust
samples collected by the US Mine Safety and Health
Administration in 1977-1981. The geometric mean
of the measurements of respirable silica dust was be­
low 0.05 mg/m' for most of the mining industries and
work operations (I).

The exposure to silica in these industries thusap­
pears to be on the same order of magnitude as found
around 1980 in the Danish stone industry. In Denmark
75 % of the measurements exceeded the TL V in the
road material industry, and the corresponding value
for the stonecutting industry was 45 010. The median
exposure to respirable silica was 0.16 rng/rn' for the
road material industry and 0.05 mg/rn' for the stone­
cutting industry.

Unlike the stone industry, however, the exposure to
silica dust generally occurs in foundries, pottery
manufacturing, and mines in association with other
materials (I, 15-21). Studies of cancer incidence or
mortality in groups of workers with pure exposure to
silica, such as stone workers, are therefore important
for assessments of the possible carcinogenic proper­
ties of silica dust.

Environmental data analyses incorporated into
cancer mortality studies of granite industry workers
are available from the US and Finland. In Vermont
(US), a proportional mortality analysis among gran­
ite workers found a ratio for lung cancer of 1.2 [95 %
confidence interval (95 % CI) 0.9-1.5] in a compari­
son with the national figures (22). Exposures were esti­
mated from six environmental surveys covering the
period 1924-1977. The estimated average exposure
to respirable-free silica was 0.07 mg/rn' for cutters
after 1950. Other environmental studies (1) in 54
granite industries in Vermont, carried out in 1970,
found the highest exposure levels to respirable silica
among cutters (0.06 mg/rn ') and sculptors and carvers
(0.09 mg/rn'), and data from Vermont and Georgia
from 1973-1974 showed mean exposure levels to

respirable silica of 0.10 and 0.06 mg/rn", respective­
ly, for stonecutters. By comparison the exposure to
respirable silica in the present study was 0.06 mg/rn '
for the stonecutting industry as a whole and 0.04
mg/m' for cutting operations only.

A proportional mortality analysis among the mem­
bers of the US Granite Cutters Union showed a slight
excess of lung cancer (23) (proportional mortality ra­
tio 1.19,95 % CI 0.97-1.46). From the 1905 death
certificates analyzed, about two-thirds came from Ver­
mont, where the exposure levels to silica were
documented. For the remaining third of the subjects,
the study by Froines et al (14) provides relevant ex­
posure data from the stone industries throughout the
US. The percentage of inspections with test samples
over the TLV was 40 % in this study, and the median
exposure index was 0.8. In the Danish stonecutting in-
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dustry, 45 (t/o of the measurements exceeded the TL V
and the median exposure index was 0.6.

A Finnish study (24) among granite workers showed
an overall standardized mortality ratio (SMR) of 129
for lung cancer (22 observed, 17.I expected). The mor­
tality from lung cancer was excessive for workers with
at least 15 years since entry into granite work (SM R
221,95 (t/o CI 137-338). Exposure data were availa­
ble from a survey made in 1970-1972. The highest
concentrations of silica dust were observed for drilling,
the hygienic standard (0.2 rng/rn') for quartz being ex­
ceeded tenfold on the average and the range being
0.3-4.2 rng/rn'. This value is higher than in the
present study, in which the median exposure to quartz
dust was 0.09 (range 0.03-1.20, mean 0.43) mg/rn'
for drilling. The range of the quartz concentration was
also high for block surfacing in Finland (0.2-4.9
mg/rn ' of respirable quartz) compared to the findings
in Denmark (0.03-0.57 mg/rn ' of respirable quartz).
Finally, the range of the respirable quartz concentra­
tion for other work processes was 0.02-3.6 mg/rn'
in Finland, compared to 0.03-1.7 mg/m for other
granite operations in Denmark.

The measurements from the stone industry availa­
ble in the archives of the Danish National Institute of
Occupational Health were relatively few, but they were
coherent with the findings from larger samples avail­
able from other countries and collected in similar in­
dustries. In Denmark, differences in exposure levels
appeared between the branches of activity, the mate­
rials processed, and the work operations. On the aver­
age, the road material and building industry was as­
sociated with exposure to crystalline silica that was
three times higher than that found in the stonecutting
industry, and crushing was associated with higher ex­
posure levels than drilling, sieving, and cutting. These
environmental data provide a reference for the in­
terpretation of epidemiologic results.
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